TITLE OF THE INVENTION 
ESD PROTECTION CIRCUIT HAVING A CONTROL CIRCUIT 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2003-205735, filed August 4, 2003, the 
entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an ESD protection 
circuit designed to protect ICs (Integrated Circuits) 
and LSIs (Large-Scale Integration Circuits) from ESD 
(Electrostatic Discharge) . 

2. Description of the Related Art 

Various ESD protection circuits have hitherto been 
proposed. They are designed to protect semiconductor 
integrated circuits, such as ICs and LSIs, from high 
voltages resulting from ESD. Three types of conven- 
tional ESD protection circuits will be described, with 
reference to FIGS. 1 to 5. 

FIG. 1 is a circuit diagram schematically showing 
a first conventional ESD protection circuit. 

As FIG. 1 shows, the circuit comprises two pads 11 
and 12, and a clamp circuit 14. An internal circuit 13 
to be protected against ESD is connected to both pads 
11 and 12. The clamp circuit 14 is provided between 
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and connected to the pads 11 and 12. The clamp circuit 
comprises an NMOS transistor 18. The transistor 18 has 
its drain and source connected to the first pad 11 and 
the second pad 12, respectively. The gate and back 
5 gate of the transistor 18 are connected to source of 

the transistor 18. 

How the circuit of FIG. 1 operates will be 
described with reference to FIG . 2. FIG. 2 is a graph 
representing the voltage-current characteristic of the 

10 NMOS transistor 18 shown in FIG. 1. In FIG. 2, the 

voltage VI applied between the drain and source of the 
transistor 18 is plotted on the abscissa, and the 
current II flowing between the drain and source of the 
transistor 18 is plotted on the coordinate. 

15 No high voltage due to ESD may be applied between 

the first and second pads 11 and 12 (region 1) . In 
this case, no current flows between the drain and 
source of the NMOS transistor 18 of the clamp circuit 
14. This is because the transistor 18 is not on (not 

20 conducting) since its gate and source are connected to 

each other and therefore remain at the same potential. 
Thus, the internal circuit 13 can operate in normal 
way. 

When high voltage resulting from ESD is applied 
25 between the first and second pads 11 and 12 (region 2) , 

the NMOS transistor 18 is turned on. As a result, the 
ESD charge passes from the first pad 11 to the second 



pad 12 via the clamp circuit 14. That is, no high 
voltage is applied to the internal circuit 13. In 
other words, the internal circuit 13 is protected. 

The voltage-current characteristics of the NMOS 
transistor 18 exhibited in the region 2 will be 
described in detail. When a high voltage is applied 
between the drain and source of the NMOS transistor 18, 
the voltage across the drain-source path rises to the 
trigger voltage Vtl, causing a snap-back in the 
transistor NMOS 18, as illustrated in FIG. 2. The 
snap-back lowers the voltage to a hold voltage Vh. 
Then, a current can abruptly flow in the NMOS 
transistor 18. 

The current flowing in the NMOS transistor 18 at 
this time is an off-current. The off-current flows 
from the drain to the source by virtue of a bipolar 
action. It is not an on-current that flows the channel 
of the transistor 18. 

The ESD-protection circuit of the configuration 
shown in FIG. 1 should satisfy the following two design 
requirements. First, the withstand voltage of the 
internal circuit 13 (at which the circuit 13 may break 
down) must be higher than the trigger voltage Vtl of 
the NMOS transistor 18. Second, the hold voltage Vh 
must be higher than the power-supply voltage Vdd of the 
internal circuit 13. The second requirement should be 
satisfied in order to prevent the clamp circuit 14 from 
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turning on while the internal circuit 13 is operating 
in normal condition. 

In recent years the technology of manufacturing 
semiconductor devices has advanced, making it possible 
5 to provide smaller and smaller semiconductor elements. 

Consequently, the gate withstand voltage of MOSFETs has 
much reduced. MOSFETs made by the 0.18 to 0.13-micron 
process, for example, have a trigger voltage Vtl that 
is almost the same as the gate withstand voltage. 

10 Furthermore MOSFETs made by the 0.09-micron process 

have a trigger voltage Vtl that is lower than the gate 
withstand voltage. In view of the microelectronic 
processes to be developed in the future, it will be 
difficult to satisfy the first design requirement 

15 specified above. 

A second conventional ESD protection circuit will 
be described with reference to FIGS. 3 and 4. FIG. 3 
is a schematic representation of the second conven- 
tional ESD protection circuit 2. 

20 This ESD protection circuit differs from the first 

conventional ESD protection circuit, only in that it 
has a time-constant circuit 23. Such a time-constant 
circuit is disclosed in, for example, U.S. Patent 
No. 6,249,410 (June 19, 2001) and illustrated in FIG. 4 

25 of the U.S. patent. 

The time-constant circuit 23 comprises a capacitor 
C and a resistor R. One electrode of the capacitor C 
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is connected to the pad 11. The other electrode of the 
capacitor C is connected to the gate of the NMOS 
transistor 18. The resistor R is connected at one end 
to the gate of the NMOS transistor 18 and at the other 
5 end to the pad 12. 

How the second conventional ESD protection circuit 
operates will be explained, with reference to FIG. 4. 
FIG. 4 is a graph representing the voltage-current 
characteristic of the NMOS transistor 18 shown in 

10 FIG. 3. In FIG. 4, the voltage VI applied between the 

drain and source of the NMOS transistor 18 is plotted 
on the abscissa, and the current II flowing between the 
drain and source of the NMOS transistor 18 is plotted 
on the coordinate. 

15 Unless a high voltage resulting from ESD is 

applied between the first and second pads 11 and 12, 
the clamp circuit 14 is off as in the circuit 
illustrated in FIG. 1. Hence, the internal circuit 13 
need not be protected from high voltages and can 

20 operate in normal way. 

When a high voltage resulting from ESD is applied 
between the first and second pads 11 and 12, the time- 
constant circuit 23 generates a pulse that remains at 
high level for a specified time. The pulse is supplied 

25 to gate of the NMOS transistor 18, turning the NMOS 

transistor 18 on. Thus, the clamp circuit is turned 
on . 
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The ESD charge resulting from electrostatic 
discharge (ESD) is therefore transferred to the second 
pad 12 through the clamp circuit 14. This protects the 
internal circuit 13 from the high voltage generated 
5 from the ESC. The specific time mentioned above is 

determined by the time constant that is the product of 
the capacitance of the capacitor C and the resistance 
of the resistor R. 

The voltage-current characteristic that the NMOS 
10 transistor 18 has when a high voltage resulting from 

ESD is applied between the first pad 11 and the second 
pad 12 will be described in detail, with reference to 
FIG. 4. 

In FIG. 4, the solid line 25 indicates the 
15 voltage-current characteristic that the NMOS transistor 

18 exhibits when a current resulting from the ESD flows 
in the channel of the NMOS transistor 18. In other 
words, the NMOS transistor 18 has this characteristic 
while it remains on. The broken line 26 shown in 
20 FIG. 4 represents the voltage-current characteristic 

that the NMOS transistor 18 exhibits when snap-back 
occurs as in the first conventional ESD protection 
circuit. That is, the broken line 26 depicts the 
characteristic the NMOS transistor 18 has while it 
25 remains off. As the comparison of FIG. 4 with FIG. 2 

reveals, a larger current can flow in the NMOS 
transistor 18 than in the first conventional ESD 



protection circuit. Thus, the second conventional ESD 
protection circuit can protect the internal circuit 13 
more reliably than the first conventional ESD protec- 
tion circuit. Note that the characteristic of the 
solid line 25 pertains to the on-current that flows in 
the channel formed between the source and drain of the 
NMOS transistor 18, unlike in the first conventional 
ESD protection circuit. The current that flows in the 
NMOS transistor 18 and changes as indicated by the 
broken line 26 is an off-current that does not flow in 
the channel due to a bipolar action. 

As can be understood from the above, the second 
conventional ESD protection circuit utilizes the on- 
current of the NMOS transistor 18, not the off-current 
thereof. Therefore, the first design requirement that 
the withstand voltage of the internal circuit 13 must 
be higher than the trigger voltage Vtl of the NMOS 
transistor 18 need not be taken into consideration to 
design the second conventional ESD protection circuit. 

It is difficult, however, to design the time- 
constant circuit 23 incorporated in the second 
conventional ESD protection circuit. That is, if the 
time constant (i.e., the product of the capacitance of 
the capacitor C and the resistance of the resistor R) 
is small, the on-time of the NMOS transistor 18 will be 
short, disabling the circuit 2 to protect the internal 
circuit 13 effectively. If the time constant is large, 
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the on-time will be long, enabling the circuit 2 to 
protect the internal circuit effectively. To acquire a 
sufficiently large time constant, the circuit 23 must 
comprises a capacitor and a resistor that have a high 
5 capacitance and a high resistance, respectively. This 

will increase the size and manufacturing cost of the 
chip incorporating the circuit 2 and the internal 
circuit 13. This is particularly because one time- 
constant circuit should be provided for each pad 

10 provided in the chip. 

A third conventional ESD protection circuit will 
be described with reference to FIG. 5. FIG. 5 is a 
schematic representation of this circuit 3. Such an 
ESD protection circuit is disclosed in Albert Z.H. 

15 Wang, ON-CHIP ESD PROTECTION FOR INTEGRATED CIRCUITS, 

An IC Design Perspective, Figure 4-24, Kluwer Academic 
Publishers Group. 

As FIG. 5 illustrates, the third conventional ESD 
protection circuit comprises a clamp circuit 14, a 

20 time-constant circuit 23, and an inverter circuit 30. 

The inverter circuit 30 comprises three inverters 30-1, 
30-2 and 30-3. The inverters 30-1 to 30-3 are provided 
between the clamp circuit 14 and the time-constant 
circuit 23. The inverters 30-1 to 30-3 have their 

25 input terminals connected to one another, and their 

output terminals connected to one another. 

The first inverter 30-1 comprises a PMOS 
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transistor P-l and an NMOS transistor N-l. The second 
inverter 30-2 comprises a PMOS transistor P-2 and an 
NMOS transistor N-2 . The third inverter 30-3 comprises 
a PMOS transistor P-3 and an NMOS transistor N-3. The 
5 first inverter 30-1 has its input terminal connected to 

the node 24 of the time-constant circuit 23, and its 
output terminal connected to the input terminal of the 
second inverter 30-2* The output terminal of the 
second inverter 30-2 is connected to the input terminal 
10 of the third inverter 30-3. The output terminal of 

the third inverter 30-3 is connected to the gate of 
the NMOS transistor 18 incorporated in the clamp 
circuit 14. 

How the third conventional ESD protection circuit 
15 operates will be explained. Assume that a high voltage 

generated from ESD is applied between the first pad 11 
and the second pad 12. Then, the time-constant circuit 
23 and the inverter circuit 30 cooperate, generating a 
signal. The signal is supplied to the clamp circuit 
20 14. In the clamp circuit 14, the signal turns on the 

NMOS transistor 18. The ESD charge applied to the 
first pad 11 is thereby transferred to the second pad 
12 via the clamp circuit 14. The internal circuit 13 
is thus protected. The third conventional ESD 
25 protection circuit operates in the same way as the 

second conventional ESD protection circuit in other 
points . 
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Having the time-constant circuit 23, the 
conventional ESD protection circuit 3 has the same 
disadvantage as the conventional ESD protection circuit 
2. Further, it is more disadvantageous than the 
5 circuit 2 in terms of size and manufacturing cost 

because it includes the inverter circuit 30. 

As described above, the conventional ESD 
protection circuits cannot sufficiently protect the 
internal circuit, is difficult to design and 
10 manufacture in small size, and is disadvantageous in 

size and manufacturing cost. 

BRIEF SUMMARY OF THE INVENTION 
According to an aspect of the invention there is 
provided an ESD protection circuit that comprises, a 
15 first pad which is used as an external connection 

terminal to be connected to a semiconductor integrated 
circuit, a second pad which is used as an external 
connection terminal to be connected to the semi- 
conductor integrated circuit, a clamp circuit connected 
20 between the first pad and the second pad, and a control 

circuit which is configured to control the clamp 
circuit, rendering the same conducting or non- 
conducting. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
25 FIG. 1 is a circuit diagram showing a first 

conventional ESD protection circuit; 

FIG. 2 is a graph representing the voltage-current 
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characteristic of the clamp circuit incorporated in the 
first conventional ESD protection circuit; 

FIG. 3 is a circuit diagram illustrating a second 
conventional ESD protection circuit; 
5 FIG. 4 is a graph representing the voltage-current 

characteristic of the clamp circuit incorporated in the 
second conventional ESD protection circuit; 

FIG. 5 is a circuit diagram depicting a third 
conventional ESD protection circuit; 
10 FIG. 6 is a block diagram showing an ESD 

protection circuit according to an aspect of the 
invention; 

FIG. 7 is a diagram depicting the voltage-current 
characteristic of the ESD protection circuit shown in 
15 FIG. 6; 

FIG. 8 is a circuit diagram schematically 
illustrating an ESD protection circuit according the 
first embodiment of the invention; 

FIG. 9 is a circuit diagram schematically showing 
20 an ESD protection circuit according the second 

embodiment of the invention; 

FIG. 10 is a circuit diagram schematically showing 
an ESD protection circuit according the third 
embodiment of the invention; 
25 FIG. 11 is a circuit diagram schematically showing 

a modification of the ESD protection circuit according 
the second embodiment of the invention; 
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FIG. 12 is a circuit diagram schematically showing 
an ESD protection circuit according the fourth 
embodiment of the invention; 

FIG. 13 is a circuit diagram schematically showing 
5 an ESD protection circuit according the fifth 

embodiment of this invention; and 

FIG. 14 is a circuit diagram schematically showing 
an ESD protection circuit according the sixth 
embodiment of the invention. 
10 DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be 
described with reference to the accompanying drawings. 
In the drawings, the component of each embodiment, 
which are identical to those of any other embodiment, 
15 are designated at the same reference numerals. 

An ESD-protection circuit according to this 
invention will be first described, with reference to 
FIGS. 6 and 7. 

As FIG. 6 shows, a semiconductor chip 50 contains 
20 an internal circuit 54 that should be protected from 

ESD. The ESD protection circuit comprises three pads 
51, 52 and 53, a clamp circuit 55 and a control circuit 
56, all provided in the semiconductor chip 50. The 
first pad 51 and the second pad 52 are connected to the 
25 internal circuit 54. The clamp circuit 55 is provided 

between and connected to the first pad 51 and the 
second pad 52. The third pad 53 is connected to the 
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control circuit 56. The control circuit 56 generates a 
signal, which can turn on and off the clamp circuit 55. 

How the ESD protection circuit of FIG. 6 operates 
will be described with reference to FIG. 7. FIG. 7 
5 schematically represents the voltage-current charac- 

teristic of the clamp circuit 55 shown in FIG. 6. In 
FIG. 7, the voltage V applied to the clamp circuit 55 
is plotted on the abscissa and the current I flowing in 
the clamp circuit 55 is plotted on the ordinate. The 

10 solid line 61 indicates the first voltage-current 

characteristic, and the solid line 62 the second 
volt age- current characteristic . 

The operation of the ESD protection circuit will 
be explained on the assumption that no high voltage 

15 resulting from ESD is applied between the first pad 51 

and the second pad 52 after the semiconductor chip 50 
has been incorporated into an end product. 

Here, the chip 50 may be, for example, an LSI, and 
the end product may be an electronic apparatus, a 

20 household apparatus, or the like. Thus, the 

semiconductor chip 50 may normally operate in predeter- 
mined conditions. As long as the semiconductor chip 50 
operates in the predetermined conditions, a high 
voltage resulting from ESD is scarcely applied to the 

25 internal circuit 54. Hence, the clamp circuit 55 is 

set to the first voltage-current characteristic 
indicated by the solid line 61 and is turned off. 
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Once the semiconductor chip 50 has been 
incorporated into the end product, a signal can be 
supplied to the third pad 53 to control the control 
circuit 56 appropriately. When the control circuit 65 
5 is so controlled, the clamp circuit 55 is set to the 

first voltage-current characteristic indicated by the 
solid line 61. While the clamp circuit 55 maintains 
the first voltage-current characteristic, no currents 
flow at a low voltage V as seen from the solid line 61 
10 shown in FIG. 7. That is, the clamp circuit 55 remains 

off while set to the first voltage-current charac- 
teristic. 

Therefore, the clamp circuit 55 don't imposes on 
influence on the internal circuit 54. The internal 

15 circuit 54 can operate in normal way. 

Before the semiconductor chip 50 is incorporated 
into the end apparatus, a high voltage resulting from 
ESD may be applied between the first pad 51 and the 
second pad 52. It will be described how the ESD 

20 protection circuit (FIG. 6) operates before the chip 50 

is incorporated into the end apparatus. 

More specifically, a high-voltage resulting from 
ESD may be applied to the semiconductor chip 50 before 
the chip 50 is mounted on a PC board right after it 

25 has been made in a factory of the semiconductor 

manufacturer. In such case, the clamp circuit 55 is 
set to the second voltage-current characteristic 
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indicated by the solid line 62. Thus, a high voltage 
can be applied to the clamp circuit 55 at any time. In 
other words, the clamp circuit 55 maintains the second 
voltage-current characteristic (line 62) and thus 
5 remains on. Since the clamp circuit 55 remains on, it 

can transfer a charge, if any, generated from the high 
voltage to the ground power supply Vss. 

As indicated above, no signals are supplied to the 
third pad 53 from any external circuit before the chip 

10 50 is incorporated into the end product. Nonetheless, 

the control circuit 56 sets the clamp circuit 55 to 
the second voltage-current characteristic (line 62) . 
While the circuit 55 has second voltage-current 
characteristic (line 62), a large current I can flow at 

15 a low voltage in the circuit 55 as illustrated in 

FIG. 7. Thus, the clamp circuit 55 can be turned on. 

Hence, the voltage resulting from ESD and applied 
between the pads 51 and 52 is discharged via the clamp 
circuit 55 even if it is as high as about several 

20 thousand volts. That is, the ESD charge is released 

from the first pad 51 to the second pad 52 through the 
clamp circuit 55. 

No high voltage resulting from ESD is therefore 
applied to the internal circuit 54. As a result, the 

25 internal circuit 54 can be protected from high voltages 

and prevented from being broken down. 

As seen from FIG. 7, the second voltage-current 
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characteristic (line 62) is attributed to an on- 
current. A large current can therefore flow through 
the clamp circuit 55. It follows that the circuit 55 
can protect the internal circuit 54 very reliably. 
5 Moreover, the control circuit 56 changes the 

voltage-current characteristic of the clamp circuit 55, 
from the first characteristic (line 61) to the second 
characteristic (line 62), or vice versa. In other 
words, the control circuit 56 sets the clamp circuit 55 

10 to non-conducting state or conducting state. Thus, the 

ESD protection circuit of FIG. 6 need not satisfy the 
design requirements as the first conventional ESD 
protection circuit (FIG. 1) . More specifically, the 
clamp circuit 55 can be designed freely. This makes it 

15 easy to manufacture the ESD protection circuit shown in 

FIG. 6. 

Further, in designing the ESD protection circuit 
(FIG. 6) it is unnecessary to consider the lower 
withstand voltage of the internal circuit 54, that it 
20 should protect against ESD, in the future according to 

the trend of fine fabrication technology of semi- 
conductor . 

The ESD protection circuit shown in FIG. 6 need 
not have a time-constant circuit. It is free of any 
25 process conditions that should be satisfied on account 

of the time constant of a time-constant circuit. 
Having no time-constant circuit whatever, the ESD 
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protection circuit can be manufactured at lower cost 

and in smaller size than otherwise. 

[First Embodiment] 

An ESD protection circuit according to the first 
5 embodiment of the invention will be described, with 

reference to FIG. 8. FIG. 8 is a circuit diagram that 

schematically illustrates this ESD protection circuit. 

The components identical to those of the ESD protection 

circuit shown in FIG. 6 are designated at the same 
10 reference numerals and will not be described. The 

components not used in the circuit of FIG. 6 will be 

described in detail. 

As FIG. 8 depicts, the clamp circuit 55 comprises 

a switch circuit 65 and an inverter circuit 66. The 
15 control circuit 56 comprises a resistor circuit 67. 

The second pad 52 is a ground pad and connected the 

ground power-supply line. 

The inverter circuit 66 comprises a PMOS 

transistor PI and an NMOS transistor Nl . The PMOS 
20 transistor PI has its gate connected to the third pad 

53, its source to the first pad 51, and its drain to a 

node 75. The NMOS transistor Nl has its gate connected 

to the third pad 53, its source to the second pad 52 

and its drain to the node 75. 
25 The switch circuit 65 comprises an NMOS transistor 

N2. The NMOS transistor N2 has its gate connected to 

the node 75, its source to the second pad 52 and its 
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drain to the first pad 51. 

The resistor circuit 67 comprises a pull-down 
resistor R. The pull-down resistor R has one end 
connected to a node 68 and the other end to the ground 
5 power supply Vss provided in the integrated circuit, or 

a semiconductor chip . The node 68 is connected to the 
third pad 53 . 

How the ESD protection circuit of FIG. 8 operates 
will be explained. The voltage-current characteristics 
10 that the clamp circuit 55 may have are identical to 

those illustrated in FIG. 7 and will not be described. 

Assume that the semiconductor chip is incorporated 
in an end product. No high voltage resulting from ESD 
may be applied between the first pad 51 and the second 
15 pad 52. In this condition, the second pad 52 remains 

connected to the ground power supply Vss of the chip, 
and the third pad 53 remains connected to the internal 
power supply Vdd. 

An H (high) -level voltage is then applied to the 
20 gate of the PMOS transistor PI and also to the gate of 

the NMOS transistor Nl . The PMOS transistor PI is 
turned off, and the NMOS transistor Nl is turned on. 

An L (low) -level voltage is therefore applied to 
the gate of the NMOS transistor N2 via the node 75 from 
25 the ground power supply that is connected to the second 

pad 52. The NMOS transistor N2 is thereby turned off. 

As a result, the clamp circuit 55 is turned off. 



19 - 



The clamp circuit 55 would not influence the operation 
of the internal circuit 54. This ensures the normal 
operation of the internal circuit 54. 

Before the semiconductor chip is incorporated into 
5 the end product, a high voltage resulting from ESD may 

be applied between the first pad 51 and the second pad 
52. In this case, the resistor circuit 67 connects the 
third pad 53 to the ground. 

The L-level voltage is then applied to the gate of 

10 the PMOS transistor PI and to the gate of the NMOS 

transistor Nl . The NMOS transistor Nl is turned off. 
The PMOS transistor PI can be turned on. When the PMOS 
transistor PI is turned on, the same voltage will be 
applied to the gate of the NMOS N2 as to the first 

15 pad 51. 

At this time the high voltage resulting from the 
ESD may be applied between the first pad 51 and the 
second pad 52. Then, the high voltage is applied to 
the source of the PMOS transistor PI, turning the PMOS 

20 transistor PI completely on. The high voltage is 

therefore applied to the gate of the NMOS transistor 
N2 . The NMOS transistor N2 is thereby turned on. 

The clamp circuit 55 therefore becomes conducting. 
The clamp circuit 55 therefore releases the high 

25 voltage. Thus, the electrostatic charge (ESD) is 

discharged from the first pad 51 to the second pad 52 
through the clamp circuit 55. 



The high voltage resulting from the ESD would not 
be applied to the internal circuit 54. In other words, 
the internal circuit 54 can be protected. 

The high voltage resulting from the ESD and 
applied between the pads 51 and 52 is applied to the 
gate of the NMOS transistor N2 . The NMOS transistor N2 
is thereby turned on. That is, the clamp circuit 55 
uses the on-current of an MOS transistor. Since the 
on-current flows the channel of the MOS transistor, it 
is larger than the off-current thereof. The on-current 
can therefore protect the internal circuit 54 from the 
high voltage resulting from the ESD, more effectively 
than the off-current. 

The ESD protection circuit according to the first 
embodiment is not only simple in structure, but larger 
currents can flow in the clamp circuit 55. The other 
advantages of this ESD protection circuit are similar 
to those of the ESD protection circuit illustrated in 
FIG. 6. 

[Second Embodiment] 

An ESD protection circuit according to the second 
embodiment of the invention will be described, with 
reference to FIG. 9. FIG. 9 is a circuit diagram that 
schematically shows this ESD protection circuit. The 
components identical to those of the first embodiment 
shown in FIG. 8 will not be described. The components 
not used in the circuit of FIG. 8 will be described in 
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detail . 

As FIG. 9 depicts, the switch circuit 65 comprises 
a PMOS transistor P2 . The PMOS transistor P2 has its 
gate connected to a node 75, its source the second pad 
5 52 and its drain to the first pad 51. The pull-up 

resistor R of the resistor circuit 67 is at one end to 
the third pad 53. The other end of the resistor R is 
connected to the internal Vdd provided in the 
semiconductor integrated circuit, or semiconductor 

10 chip. The voltage on Vdd is of positive polarity. The 

second pad 52, which is a power-supplying pad, is 
connected to the internal power-supply Vdd. 

How the ESD protection circuit of FIG. 9 operates 
will be described. 

15 Unless a high voltage resulting from ESD is 

applied between the first pad 51 and the second pad 52, 
the internal power-supply voltage Vdd is applied to the 
second pad 52 and the third pad 53 is connected to the 
ground. 

20 In this case, an L-level voltage is applied to the 

gate of the PMOS transistor PI and the gate of the NMOS 
transistor Nl . The PMOS transistor PI is turned on, 
and the NMOS transistor Nl is turned off. 

Thus, an H-level voltage output from the internal 

25 power supply connected to the second pad 52 is applied 

to the gate of the PMOS transistor P2 through the node 
75. The PMOS transistor P2 is thereby turned off. 
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As a result, the clamp circuit 55 becomes non- 
conducting (or off) . The clamp circuit 55 would not 
influence the operation of the internal circuit 54. 
This ensures the normal operation of the internal 
5 circuit 54. 

Before the semiconductor chip is incorporated into 
an end product, the high voltage resulting from the ESD 
may be applied between the first pad 51 and the second 
pad 52. In this case, the resistor circuit 67 connects 

10 the third pad 53 to the internal power supply Vdd. The 

voltage at the internal power supply Vdd is of the 
positive polarity . 

An H-level voltage is then applied to the gate of 
the gate of the PMOS transistor PI and the gate of the 

15 NMOS transistor Nl . Thus, the PMOS transistor PI is 

turned off and the NMOS transistor Nl is turned on. 

Therefore, an L-level voltage is applied to the 
gate of the PMOS transistor P2, as well as to the first 
pad 51. The PMOS transistor P2 can then be turned on. 

20 If the high voltage resulting of the ESD is 

applied at this time between the first pad 51 and the 
second pad 52, it is applied to the source of the PMOS 
transistor P2 . As a result, the PMOS transistor P2 is 
completely turned on. 

25 This renders the clamp circuit 55 conducting. The 

clamp circuit 55 therefore discharges the high voltage. 
The high voltage would not be applied to the internal 
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circuit 54. 

As indicated above, the clamp circuit 55 is 
maintained conducting as long ESD may occur. Hence, a 
large current can flow in the clamp circuit 55. 
5 In the first and second embodiments, the MOS 

transistors constituting the clamp circuit 55 may be 
reversed in conductivity type. In this case, too, the 
embodiments can have the same advantages as specified 
above. This technical feature holds true of the other 

10 embodiments that will be described below. 

[Third Embodiment] 

An ESD protection circuit according to the third 
embodiment of this invention will be described, with 
reference to FIG. 10. FIG. 10 is a circuit diagram 

15 that schematically shows this ESD protection circuit. 

The components identical to those of the first and 
second embodiments will not be described. The 
components not used in the first or second embodiment 
will be described in detail. 

20 As FIG. 10 shows, the switch circuit 65 comprises 

a bipolar transistor 86. The bipolar transistor 86 has 
its collector connected to the first pad 51, its 
emitter to the second pad 52 and its base to the node 
75. The second pad 52 is a ground pad and connected 

25 the ground power-supply line provided in a semi- 

conductor integrated circuit, or a semiconductor chip. 

How the ESD protection circuit of FIG. 10 operates 
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will be described. 

Unless a high voltage resulting from ESD is 
applied between the first pad 51 and the second pad 52, 
the ground power-supply voltage Vss is applied to the 
5 second pad 52 and the third pad 53 is connected to the 

internal power supply Vdd. 

The NMOS transistor Nl is thereby turned on as in 
the first and second embodiments. The same voltage is 
applied to the emitter and base of the bipolar 
10 transistor 86. Thus, the bipolar transistor 86 is 

turned off. 

Hence, the clamp circuit 55 becomes non-conducting 
and would not influence the operation of the internal 
circuit 54. As a result, the internal circuit 54 can 

15 operate in normal way. 

Before the semiconductor chip is incorporated into 
an end product, a high voltage may be applied between 
the first pad 51 and the second pad 52. If so, the 
third pad 53 is connected to the ground power supply 

20 Vss by the resistor circuit 67. 

Then, the PMOS transistor PI can be turned on as 
in the first and second embodiments. At this time the 
high voltage resulting from ESD may be applied between 
the first pad 51 and the second pad 52. In this case, 

25 the high voltage is applied to the source of the PMOS 

transistor PI through the first pad 51. The PMOS 
transistor PI is completely turned on. The high 



voltage is therefore applied to the base of the bipolar 
transistor 86. Meanwhile, the ground power-supply 
voltage Vss is applied to the emitter of the bipolar 
transistor 86 via the second pad 52. Hence, the 
bipolar transistor 86 is turned on. 

Thus, the clamp circuit 55 becomes conducting. 
The high voltage is discharged through the clamp 
circuit 55. The electrostatic charge (ESD) is 
discharged from the first pad 51 to the second pad 52 
through the clamp circuit 55. This protects the 
internal circuit 54 from the high voltage. 

Generally, bipolar transistor operates faster than 
MOS transistors and can conduct a larger current than 
MOS transistors. This further improves the voltage- 
current characteristic of the clamp circuit 55. 
[Modification of the Second Embodiment] 

An ESD protection circuit that is a modification 
of the second embodiment will be described, with 
reference to FIG. 11. The modified ESD protection 
circuit differs from the second embodiment in that 
the switch circuit 65 comprises a PNP bipolar 
transistor 87 . 

The PNP bipolar transistor 87 has its collector 
connected to the first pad 51, its emitter to the 
second pad 52 and its base to the note 75. The second 
pad 52 is a power-supplying pad and connected to the 
internal power-supply Vdd of a semiconductor integrated 
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circuit, or a semiconductor chip. 

The modified ESD protection circuit is identical 
to the ESD protection circuit of FIG. 9, in any other 
structural aspects. It operates in the same manner as 
5 the ESD-circuit. 

The modified circuit shown in FIG. 11 can achieve 
the same advantages as the second embodiment. 
[Fourth Embodiment] 

An ESD protection circuit according to the fourth 
10 embodiment of the invention will be described, with 

reference to FIG. 12. FIG. 12 is a circuit diagram 
that schematically shows this ESD protection circuit. 
The components identical to those of the first, second 
and third embodiments will not be described. The 
15 components not used in the first, second or third 

embodiment will be described in detail. 

As FIG. 12 illustrates, the switch circuit 65 
comprises a thyristor circuit 90 and a trigger circuit 
91. The thyristor circuit 90 comprises two bipolar 
20 transistors 92 and 95. The trigger circuit 91 

comprises an NMOS transistor N2 and a resistor 99. 

The bipolar transistor 92 has its emitter 
connected to the first pad 51, its base to the 
collector of the bipolar transistor 95, and its 
25 collector to a node 97. The bipolar transistor 95 has 

its base connected to the node 97 and its emitter to 
the second pad 52. 
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The resistor 99 is connected at one end to the 
node 97 and at the other end to the second pad 52. 
The second pad 52 is a ground pad and connected the 
internal ground power-supply provided in a 
5 semiconductor integrated circuit, or a semiconductor 

chip . 

How the ESD protection circuit of FIG . 12 operates 
will be described. 

After the semiconductor chip is incorporated into 

10 an end product, the high voltage resulting from ESD may 

not be applied between the first pad 51 and the second 
pad 52. If so, the ground power supply Vss is 
connected to the second pad 52, and the third pad 53 is 
connected to the internal power supply Vdd. 

15 Then, the NMOS transistor Nl is turned on as in 

any above-described embodiment. An L-level voltage is 
thus applied to the gate of the NMOS transistor N2 via 
the second pad 52. The NMOS transistor N2 is turned 
on, and the thyristor circuit 90 is turned off. 

20 The clamp circuit 55 becomes non-conducting. It 

would not influence the operation of the internal 
circuit 54 . The internal circuit 64 can operate in 
normal way. 

Before the semiconductor chip is incorporated into 
25 an end product, a high voltage may be applied between 

the first pad. 51 and the second pad 52. In this case, 
the third pad 53 is connected to the ground by the 
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resistor circuit 67. 

Then, the PMOS transistor PI can be turned on as 
in the embodiments described above. At this time a 
high voltage resulting from ESD may be applied between 
5 the first pad 51 and the second pad 52. In this case, 

the high voltage is applied from the first pad 51 to 
the source of the PMOS transistor PI. The PMOS 
transistor PI is thereby completely turned on. The 
high voltage is therefore applied to the gate of the 

10 NMOS transistor N2, too. The NMOS transistor N2 is 

thus turned on. 

Subsequently, the high voltage resulting from ESD 
is applied via the NMOS transistor N2 to the base of 
the bipolar transistor 95. An L-level voltage is 

15 applied to the emitter of the bipolar transistor 95 

from the ground power supply Vss via the second pad 52. 
The bipolar transistor 95 is thereby turned on. 

Further, the L-level voltage is applied to the 
base of the bipolar transistor 92 via the bipolar 

20 transistor 95, due to the ground voltage Vss. 

Meanwhile, the high voltage resulting from ESD is 
applied to the emitter of the bipolar transistor 92. 
As a result, the bipolar transistor 92 is turned on. 
The clamp circuit 55 is thereby rendered 

25 conducting. The voltage resulting from ESD is 

therefore applied to the clamp circuit 55, not applied 
to the internal circuit 54 at all. This makes it 
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possible to extract the ESD charge to the second pad 52 
through the thyristor circuit 90. The internal circuit 
54 can therefore be protected. 

The high voltage is applied across the thyristor 
5 circuit 90 as stated above, thus protecting the 

internal circuit 54 from the high voltage. A larger 
current can flows in any thyristor circuit of the 
configuration shown in FIG. 12, than • in MOS transis- 
tors. It follows that a larger current can flow in the 

10 ESD protection circuit of FIG . 12 than in the first, 

second and third embodiments. In other words, a great 
current can flow in a smaller area. Thus, the fourth 
embodiment serves to reduce the size of the 
semiconductor chip . 

15 [Fifth Embodiment] 

An ESD protection circuit according to the fifth 
embodiment of this invention will be described, with 
reference to FIG. 13. FIG. 13 is a circuit diagram 
that schematically depicts this ESD protection circuit. 

20 The components identical to those of the embodiments 

described above will not be described. The components 
not used in the first to fourth embodiment will be 
described in detail. 

As FIG. 13 shows, the control circuit 56 comprises 

25 a fuse circuit 100. The fuse circuit 100 comprises a 

fuse F and two resistors Rl and R2 . 

The fuse F is connected at one end to a node 103 
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that is connected to a fourth pad 101. Its other end 
is connected to a node 102 that is connected to a fifth 
pad 102. The resistor Rl is connected at one end to 
the internal power supply Vdd and at the other end to a 
5 node 103. the resistor R2 is connected at one end to 

the ground power supply Vss and at the other end to a 
node 104. As in the embodiments described above, the 
second pad 52 is a ground pad. The pad 52 is connected 
to the internal ground power-supply line provided in a 

10 semiconductor integrated circuit. 

How the ESD protection circuit of FIG. 13 operates 
will be explained. 

Before the semiconductor chip is incorporated into 
an end product, a high voltage may be applied between 

15 the first pad 51 and the second pad 52. In this case, 

the fuse F remains connected. More correctly, after 
the chip, for example an LSI, is shipped from a 
factory, a high voltage resulting from ESD may be 
applied to it before it is incorporated into the end 

20 product. This is why the fuse F is held connected, 

maintaining the clamp circuit 55 in conducting state. 

Since the fuse F remains connected, the nodes 103 
and 104 are electrically connected. Since the internal 
power supply Vdd is open, an L-level voltage is applied 

25 between the nodes 103 and 104. Therefore, the NMOS 

transistor Nl and PMOS transistor PI can be turned off 
and on, respectively. 
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When a high voltage resulting from ESD is applied 
between the first pad 51 and the second pad 52 in this 
condition, it is applied to the source of the PMOS 
transistor PI. The PMOS transistor PI is completely 
5 turned on. In the meantime, the high voltage is 

applied to the gate of the NMOS transistor N2, too. 
The NMOS transistor N2 is therefore turned on. 

Thus, the clamp circuit 55 becomes conducting. 
The high voltage is applied between the first pad 52 

10 and the second pad 52 via the clamp circuit 55. It 

would not be applied to the internal circuit 54. In 
other words, the internal circuit 54 is protected from 
the high voltage that has resulted from the ESD. 

After the semiconductor chip is incorporated into 

15 the end product, the high voltage resulting from ESD 

may not be applied between the first pad 51 and the 
second pad 52. In this case, the fuse F is melted and 
cut. More precisely, after the chip, for example an 
LSI, is mounted on the circuit board of the end 

20 product, a high voltage resulting from ESD is seldom 

applied. Thus, it suffices to cut the fuse F by 
supplying current between forth pad 101 and fifth pad 
102, rendering the clamp circuit 55 non-conducting. 
Now that the fuse F has been cut, an H-level 

25 voltage is applied to the node 103. The H-level 

voltage is applied to the gates of the PMOS transistor 
PI and NMOS transistor Nl . Hence, the PMOS transistor 
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PI and the NMOS transistor Nl are turned off and on, 
respectively. Further, an L-level is applied to the 
gate of the NMOS transistor N2 via the second pad 52. 
The NMOS transistor N2 is thereby turned off. 

Thus, the clamp circuit 55 becomes non-conducting. 
It would not influence the operation of the internal 
circuit 54. The internal circuit 54 can therefore 
operate in normal way. 

In the first to fourth embodiments, a voltage must 
be applied from the third pad 53 to the control circuit 
56 as long as the semiconductor chip incorporated in 
the end produce is used. In the fifth embodiment, a 
voltage need not be applied to the fourth pad 101 or 
the fifth pad 102 once the fuse F is cut. This renders 
it easy to handle the control circuit 56. 

In the embodiments described above, the control 
circuit 56 comprises a resistor circuit 67 or a fuse 
circuit 100. The control circuit 56 need not be 
limited to the circuit 67 or 100. Rather, it may be 
any other circuit that can be programmed in accordance 
with whether the semiconductor chip has been 
incorporated into the end product. 

The programmable circuit may be, for example, a 
nonvolatile memory. The internal circuit 54 includes a 
nonvolatile memory. If so, the programmable circuit 
can be fabricated at the same time the internal circuit 
54 is manufactured. This method can facilitate the 



manufacture of the semiconductor chip and reduce the 
manufacturing cost of the chip. 
[Sixth Embodiment] 

An ESD protection circuit according to the sixth 
embodiment of the invention will be described, with 
reference to FIG. 14. FIG. 14 is a circuit diagram 
that schematically shows this ESD protection circuit. 
The components identical to those of the embodiments 
described above will not be described* The components 
not used in the first to six embodiment will be 
described in detail. 

In the first to fifth embodiments, two pads, i.e., 
the first pad 51 and the second pad 52, are connected 
to the internal circuit 54. In practice, however, many 
pads are connected to the internal circuit 54. 

As FIG. 14 shows, a number of pads are connected 
to the external terminals that are provided at four 
sides of the internal circuit 54. These pads are 
represented by four first pads 51 and four second pads 
52. Four clamp circuits 55 are provided. Each clamp 
is connected between one first pad 51 and one second 
pad 52 associated with the first pad 51. A control 
circuit 56 controls the voltage-current characteristics 
of the four clamp circuit 55. The control circuit 56 
is connected to a third pad 53. 

The ESD protection circuit of FIG. 14 operates in 
the same way as the first to fifth embodiments. 
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As stated above, many pads are connected to the 
external terminals that are provided at four sides of 
the internal circuit 54. Two clamp circuit 55 are 
provided, one connected between one first pad 51 and 
5 one second pad 52 and another between the other first 

pad 51 and the other second pad 52. Hence, if a high 
voltage resulting from ESD is applied to any one of the 
pads, it will be applied to one clamp circuit 55, but 
not to the internal circuit 54. The ESD protection 

10 circuit of FIG. 14 can therefore protect the internal 

circuit 54. 

As specified above, one control circuit 56 
controls the voltage-current characteristic of each 
clamp circuit 55. Thus, additional control circuits 

15 need not be provided if other clamp circuits are used 

in addition to the clamp circuits 55. This helps to 
lower the manufacturing cost of the ESD protection 
circuit . 

In the embodiments described above, the clamp 
20 circuit 55 comprises electronic elements such as MOS 

transistor, bipolar transistors and thyristors. The 
elements constituting the clamp circuit 55 are not 
limited to these, nonetheless. The clamp circuit 55 
may comprise any switching elements that can be turned 
25 on and off by control signals supplied from the control 

circuit 56, thereby rendering the clamp circuit either 
conducting or non-conducting. 
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The control circuit 56 may comprise a circuit for 
detecting the power-supply voltage. If this is the 
case, the control circuit 56 can render the clamp 
circuit 55 non-conducting while the power-supply 
voltage is being applied to the internal circuit 54, 
and conducting while no power-supply voltage is being 
applied to the internal circuit 54. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



